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(57) ABSTRACT 

A translatory actuator unit including a translatory actuator 
module that moves an object straightly, a force sensor that 

detects a load applied to the translatory actuator module, and 
a servo control module that controls a speed, a position 

and/or output power of the translatory actuator module. The 
translatory actuator module, the force sensor and the servo 

control module are integrally con?gured. The servo control 

module has a two-way network means of receiving a control 

command concerning the speed, the position and/or the 
output power from a network, and transmitting information 
of the speed, the position and/or the output power to the 
network, a control means of controlling the speed, the 

position and/or the output power, and a self-diagnosis means 
of con?rming safety and detecting an abnormal state based 
on detected information of the speed, the position, the load, 
and/or an electric current of the translatory actuator module. 
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TRANSLATORY ACTUATOR UNIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a translatory actua 
tor unit that can receive an operating command via a 
netWork. 

[0003] 2. Description of the Related Art 

[0004] Recently, a robot technology has been developed, 
and a force control technology using a force sensor has 
attracted considerable attention. In the ?eld of Welfare and 
nursing care, by using the force control technology, care 
equipment can cooperate With a person to perform care 
Working. 

[0005] A care bed, standing assist equipment, Wheelchair 
and so on have been knoWn as care equipment. When a 
person Who needs nursing care or a care giver uses his or her 
force, such care equipment assists the person to promote self 
support, or assist the care giver to reduce a load of the care 
giver. 

[0006] A kind of a lift as clinical support equipment is 
commercially available (disclosed in the folloWing Refer 
ence 1). HoWever, such clinical support equipment Was 
developed for use by a care giver. The clinical support 
system can reduce a load of a care giver, but it is dif?cult for 
a person Who needs nursing care to use the clinical support 
equipment to obtain support. 

[0007] [Reference]1 
[0008] “http://WWW.hcr.or.jp/english.html”. 

[0009] A system in Which a robot arm is set in a rail on a 
ceiling (see the folloWing Reference 2), and a Walking 
support system having a mechanism that moves on a ceiling 
by making the ceiling of an iron steel and using a permanent 
magnet (see the folloWing Reference 3) are developed as a 
system for promoting clinical self-support of a person Who 
needs nursing care. 

[0010] [Reference]2 
[0011] N. Suzuki, et al. “System assisting Walking and 
carrying daily necessities With an overhead robot arm for 
in-home elderlies”, Proc. Of the 22nd Annual Int’l Conf. of 
the IEEE Engineering in Medicine and Biology Society, Vol. 
3, pp 2271-2274, 2000. 

[0012] [Reference]3 
[0013] “Function and Safety Measure of Walking Assist 
System Hanging on Ceiling”, Preliminary Draft Collection 
of Japanese Robot Society, 1L19, 2002, author: Sugimoto, et 
al. 

[0014] HoWever, in order to attach these systems to a 
normal house, the house needs to be greatly improved so as 
to be suitable to the systems. MeanWhile, a relatively small 
clinical support system is proposed (see the folloWing Ref 
erence 4), but this system is operated by a joystick. It is 
necessary to establish concreteness of hoW to operate the 
system and Who operates the system. 
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[0015] [Reference]4 
[0016] “Moving Support Equipment Aiming to Promote 
Self-Support Ability”, 45th Automatic Control Association 
Lecture, pp. 319-320, 2002, author: OkaWai, et al. 

[0017] Furthermore, poWer assist clinical support system 
driven by a Wire is proposed. Research is performed on a 
clinical support method in Which an appropriate clinical 
support is given in accordance With a state of a user (see 
Reference 5). It is very effective to give clinical support in 
accordance With a force applied to the system by the user. 
HoWever, there is a problem in that this clinical support 
system becomes relatively large. 

[0018] [Reference]5 
[0019] “Experimental RevieW Regarding Method of Con 
trolling PoWer Assist Equipment for Self-Support Move 
ment”, 8th Robotics Symposia, pp. 136-141, 2003, author: 
Nagai, et al. 

[0020] MeanWhile, a computer communication such as an 
Internet has been recently developed, and it is proposed to 
drive and control a remote apparatus via a netWork (see the 
folloWing References 6 and 7, for example). 

[0021] [Reference]6 
[0022] Japanese Laid-Open Patent Publication No. 2002 
159760. 

[0023] [Reference]7 
[0024] Japanese Laid-Open Patent Publication No. 2003 
18569. 

[0025] According to “System and Method for Driving Toy 
via NetWor ” of Reference 6, as shoWn in FIG. 1, the system 
includes a plurality of communication servers 50 and 53 that 
provide message information by computer communication 
on a netWork, a plurality of driving devices 51 and 54 that 
receives the message information from the communication 
servers 50 and 53 and analyZe the message information, and 
a plurality of toys 52 and 55 that receive input message 
information from the driving devices 51 and 54 and move or 
output character information, audio information or video 
information. Thus, a speci?c movement or audio is realiZed 
by this system in accordance With message information 
provided by the computer communication. 

[0026] According to “Method and Apparatus for Control 
ling Mobile Object, and Storing Medium” of Reference 7, a 
user system 63, a vieWing system 65, a mobile object system 
62 and a shooting system 66 are connected via a commu 
nication line 64 such as the Internet. The mobile object is 
controlled by tWo-Way communication. 

[0027] A care bed that is care equipment is generally 
provided With 2 to 4 translatory actuators. Also, standing 
assist equipment (clinical system) and a Wheelchair are often 
provided With a translatory actuator to perform rising and 
falling operation While supporting Weight of a person Who 
needs support. 

[0028] Conventionally, in order to con?gure force control 
system using a translatory actuator, it Was necessary to 
combine the actuator, a motor driver, a controller, a force 
sensor and the like that are separately developed. To avoid 
such combination, exclusive design is required, so that the 
extensibility becomes loW, and the system inevitably 
becomes expensive. 
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[0029] Furthermore, to con?gure a system that further 
reduces a load of a care giver and a person needing care, it 
is desired to combine a plurality of care equipment (a bed 
system, a clinical system, a Wheelchair, and so on). HoW 
ever, the conventional care equipment has no interface 
function, and it is necessary to con?gure an entire system. 

SUMMARY OF THE INVENTION 

[0030] The present invention Was made to solve the above 
problems. It is an object of the present invention to provide 
a translatory actuator that has force control means and 
self-diagnosis means, by Which a plurality of the translatory 
actuator units and equipment having the actuator unit can be 
controlled via a netWork, and high safety, reliance, versatil 
ity, extensibility, easy system formulation, and cost reduc 
tion can be achieved. 

[0031] According to the present invention, there is pro 
vided a translatory actuator unit comprising: a translatory 
actuator module that moves an object straightly; a force 
sensor that detects a load applied to the translatory actuator 
module; and a servo control module that controls a speed, a 
position and/or output poWer of the translatory actuator 
module, Wherein the translatory actuator module, the force 
sensor and the servo control module are integrally con?g 
ured, and the servo control module has tWo-Way netWork 
means for receiving a control command concerning the 
speed, the position and/or the output poWer from a netWork, 
and transmitting information of the speed, the position 
and/or the output poWer to the netWork, control means for 
controlling the speed, the position and/or the output poWer, 
and self-diagnosis means for con?rming safety and detecting 
an abnormal state based on detected information of the 
speed, the position, the load, and/or an electric current of the 
translatory actuator module. 

[0032] In this con?guration, the translatory actuator mod 
ule, the force sensor and the servo control module are 
integrally con?gured, so that by using the translatory actua 
tor unit, it is possible to easily con?gure a system that uses 
force control. For example, in the ?eld of Welfare and 
nursing care, it is possible to realiZe appropriate force 
control for a system that is performed based on assist by 
person’s force and based on a force applied by a person. 

[0033] Further, since the servo control module has the 
tWo-Way netWork means, combination of a plurality of the 
translatory actuator units can be used. Thereby, various 
assist systems can be con?gured. Since the translatory 
actuator module, the force sensor and the servo control 
module are uni?ed, the translatory actuator unit has very 
high extensibility. Therefore, system modi?cation and 
extension can be easily made. 

[0034] In addition, since the translatory actuator unit has 
the self-diagnosis means for con?rming safety and detecting 
an abnormal operation, it is possible to prevent poWer output 
larger than necessary poWer When supporting a person 
needing care. 

[0035] According to one aspect of the present invention, 
the translatory actuator module comprises: a driving motor; 
a mechanism for converting rotational movement of the 
driving motor into translatory movement of the translatory 
actuator module; and an encoder that detects a rotational 
speed and/or a rotational angle of the driving motor. 
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[0036] In this con?guration, for example, by using a 
trapeZoid screW as a screW member, it is possible to realiZe 
the translatory actuator having a long stroke With a loW cost. 
The encoder detects a rotational angle and/or a rotational 
speed of the driving motor, so that a position and/or a speed 
of the translatory actuator can be easily detected With a loW 
cost. 

[0037] According to another aspect of the present inven 
tion, the force sensor comprises an elastic supporting mem 
ber that elastically supports the translatory actuator module 
at an opposite side to the object, and a displacement detector 
that detects displacement of the elastic supporting member. 

[0038] By this con?guration, it is possible to detect a force 
that is applied to the entire translatory actuator module. 
Further, for example, a spring is used as the elastic support 
ing member, and a variable resistor or a potentiometer is 
used as the displacement detector, so that poWer output of 
the translatory actuator can be easily detected With a loW 
cost. 

[0039] According to another aspect of the present inven 
tion, the servo control module comprises: a communication 
unit connectable to the netWork; a memory device that stores 
the control command from the netWork and stores an opera 
tion program; a microprocessor that controls the translatory 
actuator module based on the operation program, con?rms 
safety and detects an abnormal state based on the detected 
information of the speed, the position, the load, and/or the 
electric current; an interface that converts a signal commu 
nicated betWeen the microprocessor and the translatory 
actuator module and betWeen the microprocessor and the 
force sensor; and a motor driver that converts a control 
signal from the microprocessor into a driving signal for the 
translatory actuator module. 

[0040] In this con?guration, since a command received 
from the netWork, and the operating program are stored in 
the memory device, the translatory actuator module can be 
controlled based on the operating program by using the 
microprocessor, the interface and the motor driver. There 
fore, the operating program of the microprocessor is pro 
vided for the self-diagnosis means to con?rm safety and 
detect an abnormal operation based on the detected infor 
mation of the speed, the position, the load, and/or an electric 
current of the translatory actuator module. 

[0041] Furthermore, according to the present invention, 
there is also provided care equipment comprising the above 
described translatory actuator unit. 

[0042] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
description With reference to the attached draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0043] FIG. 1 shoWs a system con?guration in the prior 
art; 

[0044] FIG. 2 shoWs another system con?guration in the 
prior art; 

[0045] FIG. 3 shoWs a translatory actuator unit according 
to an embodiment of the present invention; 

[0046] FIG. 4 shoWs a con?guration of a servo control 
module shoWn in FIG. 3; 
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[0047] FIG. 5 shows a network system using the actuator 
unit of FIG. 3 according to the embodiment of the present 
invention; and 

[0048] FIG. 6 shoWs one example of a con?guration in the 
tralslatory actuator according to the embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] In the following, one embodiment of the present 
invention Will be described With reference to the draWings, 
and the same reference numerals are attached to the same or 

corresponding parts in the draWings. 

[0050] FIG. 3 shoWs a con?guration of a translatory 
actuator unit (straight moving actuator unit) according to an 
embodiment of the present invention. As shoWn in FIG. 3, 
the translatory actuator unit 10 according to the embodiment 
of the present invention includes a translatory actuator 
module 12, a force sensor 18 and a servo control module 20 
that are integrally con?gured. 

[0051] The translatory actuator module 12 includes a thin 
long driving rod 13, a translatory module 14, a driving motor 
15, and an encoder 16. The driving rod 13 extends in a 
direction of moving an object 1 straightly. The translatory 
module 14 includes a nut member 14a that is attached to the 
driving rod 13, and a thin long screW member 14b that 
engages the nut member 1401. The driving motor 15 rotates 
the screW member 14 around its axis. The encoder 16 detects 
a rotation angle of the driving motor 15. 

[0052] The object 1 is, for example, a part of a care bed for 
a person Who needs nursing care, and is connected to a front 
end part of the driving rod via an appropriate front end 
member (not shoWn in the draWing). A supporting member 
11 that supports the translatory actuator module 12 is 
connected to a frame of the care equipment (e.g., the care 
bed) via an appropriate connecting member (not shoWn). 

[0053] The driving rod 13 is a holloW cylindrical pipe. The 
front end part of the holloW cylindrical pipe is closed, and 
the nut member 14a is connected to the rear end part of the 
holloW cylindrical pipe. The screW member 14b is prefer 
ably a trapeZoid screW. HoWever, When high accuracy is 
required, the screW member 14b may be a ball screW. 

[0054] Amechanism other than a screW may be used as the 
translatory module 14. For example, a rack and pinion drive 
may be used as the translatory module 14. 

[0055] The driving motor 15 is preferably a servo motor. 
In this example, the driving motor 15 drives the screW 
member 14b via a mechanical reduction gear 17. The 
encoder 16 is preferably built in the driving motor 15 or 
integrated With the driving motor 15 to detect a rotation 
angle of the driving motor 15. The encoder 16 may be an 
absolute encoder or an incremental encoder. Instead of the 
driving motor 15 and the encoder 16, a pulse motor may be 
used. 

[0056] As shoWn in FIG. 3, the translatory module 14, the 
driving motor 15 and the encoder 16 are housed in the same 
module body 9. 

[0057] The force sensor 18 includes an elastic supporting 
member 18a and a displacement detector 18b. The elastic 
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supporting member 18a elastically supports the translatory 
actuator module 12 at the opposite side to the object 1. The 
displacement detector 18b detects displacement of the elas 
tic supporting member 18a. 

[0058] The supporting member 11 has a concave part that 
receives and holds a base part of the module body 9 such that 
the module body 9 can move upWards and doWnWards. The 
elastic supporting member 18a is held betWeen the base part 
of the module body 9 and the supporting member 11, and is 
pressed doWnWards by a reaction force of the translatory 
actuator module 12. 

[0059] The elastic supporting member 18a is a com 
pressed spring, for example, and the displacement detector 
18b is a variable resistor or a potentiometer, and detects 
displacement of the elastic supporting member 18a. Accord 
ingly, the displacement detector 18b detects displacement of 
the translatory actuator module based on the displacement of 
the elastic supporting member 18a. Other knoWn sensor 
such as a load cell may be used as the force sensor 18. 

[0060] FIG. 4 shoWs a con?guration of the servo control 
module 20 shoWn in FIG. 3. As shoWn in FIG. 4, the servo 
control module 20 includes a communication control unit 
21, a memory device 22, a microprocessor 23, an interface 
24, and a motor driver 25. 

[0061] The communication unit 21 is preferably con 
nected, via a local area netWork LAN, to computers consti 
tuting other care systems similar to the care system of FIG. 
4. The memory device 22 is a RAM, a ROM, a ?ash memory 
or other memory media that store an operation program and 
a command received from a netWork. 

[0062] The interface 24 includes an analog-to-digital con 
verter 24a, a digital-to-analog converter 24b, a counter 24c 
and the like. The interface 24 converts a signal communi 
cated betWeen the microprocessor 23 and the encoder 16 of 
the translatory actuator module 12, betWeen the micropro 
cessor 23 and the motor driver 25, and betWeen the micro 
processor 23 and the force sensor 18. The motor driver 25 
converts a control signal transmitted from the microproces 
sor 23 into a driving signal of driving the motor 15. 

[0063] The microprocessor 23 includes a built-in CPU, 
and controls the motor 15 of the translatory actuator module 
12 based on the operation program stored in the memory 
device 22. While controlling the motor 15, the micropro 
cessor 23 con?rms safety and detects an abnormal state 
based on a force detected by the force sensor 16, a speed and 
a position output by the encoder 16, and a current value 
received from the motor driver 25. 

[0064] In order to con?rm safety, When detecting a force 
exceeding a force (e.g., about 100 kg) necessary for sup 
porting Weight of a person needing care, the operation of the 
translatory actuator unit is stopped to secure safety of this 
person. To detect an abnormal state, for example, When a 
current value of the motor 15 is larger than a normal value, 
the microprocessor 23 determines abnormal operating of the 
translatory actuator unit. 

[0065] The communication unit 21, the memory device 22 
and the microprocessor 23 may be integrated as a computer 

(PC). 
[0066] FIG. 5 shoWs a netWork system that uses the 
translatory actuator unit according to the embodiment of the 
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present invention. In FIG. 5, a plurality of actuator units 10 
are connected to an upper-level computer 30 via the same 
local area netWork LAN 2. For example, a plurality of 
actuator units 10 constitute a bed system, and other plurality 
of actuator units 10 constitute a clinical system. The actuator 
unit 10 can be used for various care equipment (a bed 
system, a clinical system, a Wheelchair and others). 

[0067] Each actuator unit 10 independently functions as 
tWo-Way netWork means and self-diagnosis means, and in 
each actuator unit 10, the translatory actuator module is 
controlled based on the operation program stored in the 
memory device to secure safety and detect an abnormal state 
based on detected force, speed, position, a current value, and 
the like. 

[0068] The upper-level computer 30 functions as means 
for transmitting a command value to each translatory actua 
tor unit 10 via the LAN 2. If necessary, the upper-level 
computer 30 may function as means for reWriting a program 
in each actuator unit 10. MeanWhile, the servo control 
module 20 (e.g., the communication unit 21) of the trans 
latory actuator unit 10 may function as tWo-Way netWork 
means for receiving a control command concerning the 
speed, the position and/or the output poWer of the translatory 
actuator module 12, via a netWork (e.g., LAN 2) from the 
upper-level computer 30, and transmitting information of 
the speed, the position and/or the output poWer of the 
translatory actuator unit 10, via the netWork (e.g., LAN 2) to 
the upper-level computer 30. Thereby, based on the infor 
mation received from the communication unit 21, the upper 
level computer 30 may transmit a command to the commu 
nication unit 21, and reWrite the program stored in the 
memory device 22. 

[0069] According to the embodiment of the present inven 
tion, the translatory actuator module 12, the force sensor 18 
and the servo control module 20 are integrally con?gured. 
By using the translatory actuator unit having such an integral 
con?guration, it becomes possible to easily con?gure a 
system using force control. For example, in the ?eld of 
Welfare and nursing care, it is possible to realiZe appropriate 
force control of the system based on information of a force 
for assisting a person and a force applied by a person. 

[0070] Further, since the servo control module functions 
as the tWo-Way netWork means, a plurality of translatory 
actuators can be combined for use, so that various assist 
systems can be con?gured. Since the translatory actuator 
module, the force sensor and the servo control module are 
integrated to con?gure the translatory actuator unit, the 
translatory actuator unit has very high extensibility, so that 
modi?cation or extension of the system can be easily made. 

[0071] In addition, since the translatory actuator unit also 
functions as the self-diagnosis means for con?rming safety 
and detecting an abnormal state, it is possible to prevent 
generation of a force larger than a force necessary for 
supporting a person needing care, for example, and detect an 
abnormal operation in an early stage. 

[0072] In the folloWing, a method for controlling a trans 
latory actuator according to embodiment of the present 
invention Will be described. 

[0073] In the translatory actuator unit according to the 
embodiment of the present invention, the translatory actua 
tor module and the servo control module are integrally 
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con?gured, and the force sensor using the elastic supporting 
member is installed at a loWer part of the translatory actuator 
unit. Since an elastic member is used for the elastic sup 
porting member, When a force is applied to the translatory 
actuator module, the elastic member is deformed, so that a 
?ange of the force sensor as Well as the translatory actuator 
module are displaced. An amount of this displacement is 
detected by a potentiometer to detect a force generated at the 
translatory actuator. When “AXP” designates a displacement 
amount of the potentiometer, a force “f” applied to the 
translatory actuator is obtained by the folloWing equation 1: 

f=1<pAXp 
[0074] in Which kp designates a stiffness coef?cient. 

[0075] In order to realiZe a poWer assist system such as a 
clinical assist system, a method for controlling the transla 
tory actuator based on a force applied to the actuator Will be 
described as one example. It is assumed that the motor 
installed in the translatory actuator is driven by the motor 
driver, and a shaft of the motor rotates at an instructed target 
angular speed. On this assumption, the translatory actuator 
is controlled so as to satisfy the property of folloWing 
Equation 2. 

f=d()'c—)'cd)+k(x—xd) 
[0076] In Which “d” designates a viscosity coefficient, “k” 
designates a stiffness coef?cient, “x” designates a actual 
trajectory of the translatory actuator, and “xd” designates a 
target trajectory of the translatory actuator. By using this 
control system, as shoWn in FIG. 6, it is possible to move 
the translatory actuator based on a force applied by a user. 
Further, a target trajectory, a viscosity coef?cient, a stiffness 
coef?cient and so on can be determined in accordance With 
characteristics of a user to realiZe appropriate clinical sup 
port. Furthermore, by using a method of a neural netWork 
and the like, a target trajectory and each parameter can be 
changed in a real time in accordance With a force applied by 
a user. In this manner, it is possible to realiZe support based 
on a force applied by a user. 

[Equation 1] 

[Equation 2] 

[0077] As described above, by the translatory actuator unit 
according to the present invention, it is possible to control a 
plurality of care equipment via a netWork. Furthermore, the 
translatory actuator unit according to the present invention 
has excellent advantages of high safety, reliance, versatility, 
and extensibility, so that cost reduction can be achieved. 

[0078] The present invention is not limited to the above 
described embodiment, and various modi?cations can be 
made Without departing from the scope of the present 
invention. 

What is claimed is: 
1. A translatory actuator unit comprising: 

a translatory actuator module that moves an object 
straightly; 

a force sensor that detects a load applied to the translatory 
actuator module; and 

a servo control module that controls a speed, a position 
and/or output poWer of the translatory actuator module, 

Wherein the translatory actuator module, the force sensor 
and the servo control module are integrally con?gured, 

the servo control module has 



US 2004/0215370 A1 

tWo-Way network means for receiving a control command 
concerning the speed, the position and/or the output 
poWer from a network, and transmitting information of 
the speed, the position and/or the output poWer to the 
netWork, 

control means for controlling the speed, the position 
and/or the output poWer, and 

self-diagnosis means for con?rming safety and detecting 
an abnormal state based on detected information of the 
speed, the position, the load, and/or an electric current 
of the translatory actuator module. 

2. The translatory actuator unit according to claim 1, the 
translatory actuator module comprising: 

a driving motor; 

a mechanism for converting rotational movement of the 
driving motor into translatory movement of the trans 
latory actuator module; and 

an encoder that detects a rotational speed and/or a rota 
tional angle of the driving motor. 

3. The translatory actuator unit according to claim 1, 
Wherein the force sensor comprises an elastic supporting 
member that elastically supports the translatory actuator 
module at an opposite side to the object, and a displacement 
detector that detects displacement of the elastic supporting 
member. 

4. The translatory actuator unit according to claim 1, 
Wherein the servo control module comprises: 

a communication unit connectable to the netWork; a 
memory device that stores the control command from 
the netWork and stores an operation program; 

a microprocessor that controls the translatory actuator 
module based on the operation program, con?rms 
safety and detects an abnormal state based on the 
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detected information of the speed, the position, the 
load, and/or the electric current; 

an interface that converts a signal communicated betWeen 
the microprocessor and the translatory actuator module 
and betWeen the microprocessor and the force sensor; 
and 

a motor driver that converts a control signal from the 
microprocessor into a driving signal for the translatory 
actuator module. 

5. Care equipment comprising a translatory actuator unit 
that includes a translatory actuator module that moves an 
object straightly; 

a force sensor that detects a load applied to the translatory 
actuator module; and 

a servo control module that controls a speed, a position 
and/or output poWer of the translatory actuator module, 

Wherein the translatory actuator module, the force sensor 
and the servo control module are integrally con?gured, 

the servo control module has 

tWo-Way netWork means for receiving a control command 
concerning the speed, the position and/or the output 
poWer from a netWork, and transmitting information of 
the speed, the position and/or the output poWer to the 
netWork, 

control means for controlling the speed, the position 
and/or the output poWer, and 

self-diagnosis means for con?rming safety and detecting 
an abnormal state based on detected information of the 
speed, the position, the load, and/or an electric current 
of the translatory actuator module. 

* * * * * 


